Abstract Longitudinal intensity oscillations along coronal loops that are interpreted as signatures of magneto-acoustic waves are observed frequently in different coronal structures. The aim of this paper is to estimate the physical parameters of the slow waves and the quantitative dependence of these parameters on their frequencies in the solar corona loops that are situated above active regions with the Atmospheric Imaging Assembly (AIA) onboard Solar Dynamic Observatory (SDO). The observed data on 2012-Feb-12, consisting of 300 images with an interval of 24 seconds in the 171Å and 193Å passbands is analyzed for evidence of propagating features as slow waves along the loop structures. Signatures of longitudinal intensity oscillations that are damped rapidly as they travel along the loop structures were found, with periods in the range of a few minutes to few tens of minutes. Also, the projected (apparent) phase speeds, projected damping lengths, damping times and damping qualities of filtered intensities centred on the dominant frequencies are measured in the range of C s ≃ 38 − 79 km s −1 , L d ≃ 23 − 68 Mm, τ d ≃ 7 − 21 min and τ d /P ≃ 0.34 − 0.77, respectively. The theoretical and observational results of this study indicate that the damping times and damping lengths increase with increasing the oscillation periods, and are highly sensitive function of oscillation period, but the projected speeds and the damping qualities are not very sensitive to the oscillation periods. Furthermore, the magnitude values of physical parameters are in good agreement with the prediction of the theoretical dispersion relations of high-frequency MHD waves (> 1.1 mHz) in a coronal plasma with electron number density in the range of n e ≃ 10 7 − 10 12 cm
Introduction
The observational results of satellites such as Yohkoh, Solar and Heliospheric Observatory (SoHO), Transition Region And Coronal Explorer (TRACE), Hinode, Solar Terrestrial Relations Observatory (STEREO) and SDO indicate that there are now clear examples of low-amplitude quasi-periodic intensity oscillations with long-oscillation periods in different coronal structures (see, e.g., Ofman et al. 1997 Ofman et al. , 1999 DeForest and Gurman 1998; Berghmans et al. 1999; De Moortel et al. 2000 , 2009 Mariska 2006; McEwan and De Moortel 2006; Wang et al. 2009; Mariska and Muglach 2010) . These low-amplitude intensity oscillations may be caused by propagating or standing slow magnetoacoustic waves. Propagating intensity oscillations in coronal holes high above the limb were first observed by Ofman et al. (1997) . Deforest and Gurman (1998) observed similar propagating intensity oscillations (compressive waves trains) in the plumes. Ofman et al. (1999) suggested that these propagating oscillations may be caused by magneto-acoustic wave due to their propagating speeds that are close to the sound speed in the corona. Also, intensity oscillations with large Doppler-shift velocities and strong oscillatory damping detected in hot coronal loops. These oscillations were interpreted as signatures of longitudinal slow magnetoacoustic mode excited impulsively in the corona loops. They had periods from about 7 to 31 minutes and decay times in the range of 6-37 minutes (see, e.g., Ofman and Wang 2002; Kliem et al. 2002; Sakurai et al. 2002; Wang et al. 2002a Wang et al. , 2002c Wang et al. , 2003a Wang et al. , 2003b Wang et al. , 2011 Banerjee et al. 2007 ; Erdélyi et al. 2008 ). There have been many theoretical studies examining the standing and propagating longitudinal slow magneto-acoustic waves in coronal loop structures. Theoretical studies investigating the damping of the slow waves have concentrated on the effects of thermal conduction, compressive viscosity, optically thin radiation, gravitational stratification and magnetic field divergence. In general, thermal conduction is found to be the dominant mechanism for dissipation of slow waves in the corona (see, e.g., Porter et al. 1994; Roberts 2000 Roberts , 2006 Nakariakov et al. 2000 Nakariakov et al. , 2005 Tsiklauri and Nakariakov, 2001; Ofman et al. 2000; De Moortel and Hood 2003, 2004a; MendozaBriceño et al. 2004; Klimchuk et al. 2004; Verwichte et al. 2005 Verwichte et al. , 2008 Van Doorsselaere et al. 2011; Abedini and Safari, 2011; Abedini et al. 2012) . The idea of coronal seismology was first suggested by Uchida (1968 Uchida ( , 1970 . Then, this idea has been both widely and successfully employed to determine coronal properties and MHD waves. For example, Marsh and Walsh (2009) presented the three-dimensional observations of coronal slow magneto-acoustic wave propagation. The magnitude of 132 ± 9 and 132 ±11 km s −1 was found for coronal longitudinal slow mode speed with STEREO A and STEREO B observation. Marsh et al. (2011) determined the density profile of the loop system using Hinode observations and measured the three-dimensional amplitude decay length of the slow wave. The magnitude of the three-dimensional decay length of slow wave was found 20 and 27 Mm for STEREO A and STEREO B observation, respectively. Van Doorsselaere et al. (2011) used observations of a slow MHD wave in the corona to determine for the first time the value of the effective adiabatic index by the Extremeultraviolet Imaging Spectrometer (EIS) on board Hinode. The magnitude of the effective adiabatic index for slow wave was measured 1.01 ± 0.02 and found that the thermal conduction is dominant mechanism for dissipation of slow waves in the corona. Yuan and Nakariakov (2012) analyzed the quasi-periodic Extreme UltraViolet (EUV) disturbances propagating at a coronal fan-structure of active region by AIA/SDO in 171Å. They designed cross-fitting technique, 2D coupled fitting and best similarity match to measure the apparent phase speed of propagating disturbances in the running differences of time-distance plots (R) and backgroundremoved and normalised time-distance plots (D). In this analysis, the average apparent phase speed was measured at 47.6 km s −1 and 49.0 km s −1 for R and D, with the corresponding oscillation periods at 179.7±0.2 s and 179.7 ± 0.3, respectively. Threlfall et al.(2013) studied both transverse and longitudinal motion by comparing and contrasting time-distance images of parallel and perpendicular cuts along/across active region fan loops. The apparent phase speed of transverse and longitudinal oscillations are found 600 − 750 km s −1 (P = 3 − 8 min) and 100 − 200 km s −1 (P = 6 − 11 min) along loop structures and above the limb, respectively. Moreover, the propagation speeds of waves in the sunspots, non-sunspots, loop structures and polar regions were studied by many authors (see, e.g., Kiddie et al. 2012; Uritsky et al. 2013) . Recently, Krishna Prasad et al. (2014) studied both theoretically and observationally the quantitative dependence of projected damping length of the magneto-acoustic wave on its frequency. They found that damping length on loop structures over a sunspot and an on-disk plume like structure increases with oscillation period. The plume and interplume structures at the south pole damping length decrease with oscillation period. Although damping of slow waves has been studied extensively in different coronal structures, but, studies on the periodicity dependence of their damping are relatively limited. In this paper, a new method is applied to investigate the nature of longitudinal intensity fluctuation in activeregion coronal loop structures observed with AIA/SDO. The averages and ranges of both the apparent and real physical parameters of longitudinal intensity fluctuation for six different paths along the corona loops such as projected damping length, projected phase speed, oscillation periods, damping time and damping quality has been extracted in 171Å and 193Å passbands. Moreover, both theoretically and observationally the quantitative dependence of damping of the intensity fluctuation on its frequency is studied. The paper is organized as follows. Section 2 describes the observations. Section 3 describes method of data analysis. Section 4 describes the method of the physical parameters calculation. Section 5 presents the theoretical considerations. Finally, discussion and conclusions are given in section 6.
Observations
The observations of interest for this study are based upon AIA/SDO data. The AIA data consist of high cadence (12 s) images of the solar corona in 10 UV and EUV wavelengths. The images must be cleaned and calibrated using a number of reduction procedures before the data can be analyzed. The data used here is at level of 1.5. On the other hand, flat-fielding, co-aligned, filter, vignette, and bad pixel/cosmic-ray corrections have already been applied on the data. Furthermore, the images have been rescaled to a standard 0.6 " plate scale, and have been rotated so that solar north is up in the image. In order to obtain the physical properties of longitudinal intensity fluctuation in the large active -region loops, we need an active region loop system which supports slow-mode wave propagation. The data under analysis here is taken on 12 February 2012, from 18:30 UT until 20:30 UT and it consists of a series of 800 × 460 pixel, Sun-centered, subfield images on the 171Å (Fe IX) and 193Å (Fe XIV) passbands with a time-distance 24 s. All of coronal loop structures observed are situated above an interesting active region; this region is numbered AR11416 (12 February 2012) . Figure 1 shows an image of AR 11416 at 18:30 UT on which we are concentrating in this paper. The six different loop segments in Fig. 1 show the paths we will be looking at in detail for analysis. In order to obtain the intensity as function of distance along loop segments, these paths also are subdivided by macropixels with 3×3 pixels wide along the loop segments. A zoomed in view of a partial segment on loop 1 is shown in the bottom left corner of the Fig. 1 .
Data Analysis
In order to investigate the oscillatory nature of the intensity propagations along the coronal loop system, the marked regions along the path of the loops are joined by successive macropixels, 3×3 pixels wide along the loop strands. The intensity of each macropixel along the loop system is integrated and divided into the number of pixels at each macropixel. A quasi-static background must be removed from original intensity for enhancing the contrast of intensity variation. Following Yuan and Nakariakov (2012) , a background intensity of the form
is subtracted from time series of intensities, where N is the number of time frames, t n represent the time frame index of the image series (n = 1, t 1 = 0 corresponds to the first image, n = 2, t 2 = 24s corresponds to the second image, ...) and s determines the location of macropixels along the indicated paths in Fig. 1 (starting at first sector). An appropriate background constructed from the 100 time frames (48 min) running average in time is subtracted from the original intensities, because a sufficient enhanced time-distance maps is found by setting the N = 100. It is worth noting that the periods greater than 48 minutes will be suppressed from power spectra of intensities time series by choosing N = 100. For example, time-distance maps of intensity along the loop 1 for 171Å and 193Å before (top panels a) and b)) and after (bottom panels c) and d)) removal of the background intensity are shown in Fig. 2 . Intensity as a function of time at each macropixels of six different loop segments which are shown in Fig. 1 is calculated. Also, variation of background-subtracted intensities with time at the 5th macropixel along the loop 1 are shown in the top row panels (a) and b)) of Fig. 3 and, their FFT power spectral densities in the middle row(c) and d)). Also, the period-distance maps are shown in the bottom row panels (e) and f)) for 171Å (left panels), and 193Å (right panels). The Fourier power spectra and period-distance maps of background-subtracted intensity reveal periods in the range of P = 8-40 minutes (Fig. 3 , middle and bottom row panels). The period-distance maps of intensities show that significance levels (> 0.5) are in the P = 12 − 35(min) oscillation periods range. Furthermore, the spectral power densities factor of intensities are dominated at some periods between 12 min and 35 min.
The method of the physical parameters calculation
Here, the physical parameters of propagating disturbances that are important tools for MHD coronal seismology are extracted with a new method. So, the Fourier components of the intensity time series at each macropixel along the loop structure are multiplied with a Gaussian function of the form
where N f is the number of the Fourier components, a i one of the Fourier components, a ′ j one of the interesting dominant component, σ standard deviation and a ′ i transformed coefficients, respectively (subscript index i and j represent the rank of the harmonics). Also, ν i and ν j represent the frequency of the ith and jth harmonics. In the Fourier transformation, the component proportional to the dominant oscillation period is selected by using a Gaussian filter with standard deviation σ ≃ (ν i+1 −ν i−1 )/2 to enhance time-distance maps. For example, Fig. 4 shows the time-distance maps of the loop 1 in 171Å (left panels) and 193Å (right panels) with the Gaussian filter centered on the dominant oscillation periods of intensity. The time-distance maps of filtered intensities clearly show evidence that acoustic waves propagate upwardly into the coronal loop 1. In the next subsections, the physical parameters of propagating disturbances (slow waves) such as phase speed, damping length, damping time and damping quality are extracted by analyzing the time series of filtered intensities and their enhanced time-distance maps. Furthermore, the results are compared with the previous studies.
The measurement of the projected phase speed
During the last years several methods are used to determine the speed of a propagating disturbances. Many authors calculated the speed of the propagating disturbances from the gradient of the lines by fitting a linear function to the points with similar amplitude fluctuation of unfiltered time-distance maps. Also, some authors measured the speed of the propagating disturbances by fitting a propagating harmonic wave function to the unfiltered propagating disturbances (see, e.g., De Moortel et al. 2000; Kiddie et al. 2012; Yuan et al. 2012; Threlfall et al. 2013) . Here, the time-distance maps of filtered intensities that have periodic features, are used to estimate projected phase speeds of propagating disturbances. For example, Fig. 4 shows the time-distance of the loop 1 in 171Å (left panels) and 193Å (right panels) with the Gaussian filter centered on the dominant oscillation periods of intensity. The points that have a maximum upward displacement are indicated with red color star signs. The solid blue lines represent a linear function that are fitted to the red star signs, and the gradient of solid lines are used to estimate average projected speeds of propagating disturbances for some particular oscillation periods, also the derived speed for a particular period have been written in the respective panels of Fig. 4 . It can be seen that oscillation at a particular period propagates with an almost constant speed along the loop 1 in both passbands. The averages and ranges of observed speeds along the six different paths are compiled in Table 1 . The averages and ranges of observed speeds comfortably overlap with previous finding by other authors who analyzed similar observations of propagating fluctuations (see, e.g., De Moortel et al. 2000; Marsh et al. 2003 Marsh et al. , 2009 Kiddie et al. 2012; Yuan et al. 2012; Threlfall et al. 2013; Sych and Nakariakov, 2014) . This method has several advantages.
(1) The time-distance maps of filtered intensities clearly show evidence that acoustic waves propagate upwardly into coronal loops (see Fig.4 ). (2) To distinguish the points with maximum displacement (or points with similar displacement) from these maps is very much easier than the time-distance maps of unfiltered intensities, then this method can produce reliable results. (3) Furthermore, this method reveals how the magnitude of physical parameters vary depending on the oscillation periods. 
The measurement of damping of slow waves and the dependence of damping value on its frequency
Damping of MHD waves have been studied extensively in coronal structures both theoretically and observationally since their first detection. However, studies on the dependence of damping value on its frequency are limited. Fourier power spectral densities of background-subtracted intensities show that Fourier components of the intensity time series at each macropixel along the six different paths are only significant at some specified period in the range of P = 10−35 minutes. For example, the period-distance maps constructed for loop 1 in the 171 (bottom left panel) and 193Å (bottom right panel), are shown in the Fig. 3 . To estimate the damping length of MHD waves and the dependence of damping length on its frequency, the amplitude at a particular period in the range of P = 12 − 35 minutes is measured by taking the square root of its power component. The amplitude decay of filtered intensities at a certain period as function of distance along the six paths of Fig. 1 is fitted with an exponential function of the form
where, γ d is the damping length coefficient, A 0 and C 0 appropriate constant. The projected damping length (L d = 1/γ d ) of filtered intensity is calculated by Matlab Statistics Toolbox Curve Fitting and Distribution Fitting. Figure 5 shows a typical example of the amplitude decay of oscillations as a function of distance along loop 1 (blue star signs) with P = 28.43, 27.03, 20.14, 20.34, 13.14 and 13.42 min that an exponential function is fitted to the data (red lines) in both passbands (171 and 193Å). The fitting parameters are written in the top of panels. Also, in order to compare the dependence of damping length on its periodicity in Fig. 5 , the amplitude at each period is normalized to the amplitude of a segment along the path that oscillate with maximum amplitude. Amplitude decay lengths of oscillation as a function of period are shown for all six different paths in Fig. 6 . These results indicate that the projected damping lengths are in the range of 23 Mm to 68 Mm for periods in the rage between 12 and 35 min. The observed physical parameters such as oscillation period P, phase speed C s , damping length ( 
Theoretical considerations
Theoretical studies investigating the damping of the slow wave have concentrated on the effects of thermal conduction, compressive viscosity, optically thin radiation, gravitational stratification and magnetic field divergence. Generally, thermal conduction is found to be the dominant mechanism for dissipation of slow modes in the solar corona (De Moortel and Hood, 2003 , 2004a , 2009 Pandey and Dwivedi 2006; Ofman and Wang, 2002; Van Doorsselaere et al. 2011; Abedini et al. 2012) . Here, the coronal loops are considered a homogeneous plasma medium in the presence of thermal conduction, compressive viscosity and optically thin radiation dissipation mechanism with constant equilibrium values ρ 0 , T 0 , p 0 and no flow (v 0 = 0), also with a uniform background magnetic field along the loops. Assuming all disturbances in terms of Fourier components for frequency (ω) and wave number (k) in z-direction, exp i(kz − ωt), combining linearized MHD equations in the presence of thermal conduction (
2 ) and optically thin radiation (E r = χn 2 e T 0 α ) (Sigalotti et al. 2007 ) leads to the following dispersion relation: Wm −1 K −1 are taken and χ and α are temperature dependent ( Braginskii, 1965; Hildner, 1974) . Furthermore, the ω is assumed to be real and the wave number is imaginary (k = k r + ik i ). The measured propagation speed of the intensity disturbances is a projected component of sound speed which is perpendicular to the LOS (line-of-sight). By analyzing the filtered intensity with particular periods in the range of (8 − 40 min), the average value of projected sound speed along the selected paths was Table 1 Averages and ranges of physical parameters, such as periodicity, projected damping length, projected propagation speeds, damping time (τ d = L d /Cs.av), and damping quality (damping time per period, τ d /P) of 6 paths along the coronal loops observed with AIA/SDO 171 and 193Å passbands. γkB , and by inserting the Boltzmann constant k B = 1.38 × 10 −23 JK −1 . In a propagating wave with a specific oscillation period P that has a damping length L d , it is expected to have P = 2π/(k r C s ), and L d = 1/k i . In order to estimate damping length, the wave number of propagation wave associated with oscillation period (5 − 40min) at different values of temperature (T 0 = 0.1, 0.5, 1, 1.5, and' 2 MK) is calculated based on numerical solutions of dispersion relation (4). Plot of 2π/(k r C s ) in (min) (top panels) and the estimated damping length L d,est = 1/k i in Mm (bottom panels), as a function of (log(n e /n 0 ), n 0 = 10 4 cm −3 ) due to the presence of combining dissipation mechanism are shown in Fig. 7 for different values of temperature and oscillation period. In each panel of Fig. 7 , acceptable range (2π/(k r C s ) = 5, 10, 15, 20, 25, 30, 35 and 40 min) of damping length and number density are outlined with blue rectangle. An interesting prediction of this model is that the plots of L d,est as a function of (log(n e /n 0 )) have a maximum in acceptable range. Another interesting feature visible in these plots is that both damping lengths and their maximum value increase with increasing T 0 and P. Also, the maximum point of L d,est shifts toward bigger electron number density. These results reveal that treatment of estimated damping due to the presence of dissipation mechanism is complex and its value depends not only on the oscillation period but also on the electron number density and temperature. Moreover, the results based on numerical solutions of dispersion relation illustrate that, although the damping length and damping time can be increased with increasing the oscillation periods, the dependence on periodicity and value of these quantities strongly depend on the temperature and the electron number density.
Discussion and Conclusions
The aim of this paper is to study the physical parameters of longitudinal intensity variations in the large active-region loop systems by AIA/SDO. So, 300 high cadence images of loop systems with an interval of 24 seconds in the 171Å and 193Å are analyzed. First, the intensity as a function of distance along the six loop segments is calculated for all times. Then a background constructed from the 100 point (40 min) running average in time is subtracted from the original intensities. For example, the time-distance maps of intensity along the loop 1 before (panels a) and b )) and after (panels c) and d)) removal of the background intensity are shown in top and bottom rows of Fig. 2 , respectively. The Fourier power spectra and period-distance map of fluctuating part of intensities along the loop segments reveal periods in the range of P ≃ 8 − 40 minutes for both the AIA channels (for example, see the middle and bottom rows of Fig. 2) . Moreover, the filtered fluctuating intensity of loops shows small amplitude periodic variations which are interpreted as evidence for damping of slow magneto-acoustic waves in loop systems (see bottom panels in Fig. 2 and Fig.  4 ). This range of oscillation period that has been estimated in this study comfortably overlaps with values quoted by other authors who analyzed similar observations of propagating fluctuations and MHD theory's predictions for the slow wave (see, e.g., De Moortel et al. 2002 Marsh et al. 2003 Marsh et al. , 2004 Marsh et al. , 2009 Marsh et al. , 2011 Krishna et al. 2014 , Yuan and Nakariakov 2012 , Kiddie et al. 2012 . Time-distance images formed from the integrated intensity along the loop segments show that disturbances propagate approximately with a constant speed. Accordingly, the projected speeds of filtered intensity along the 6 loop segments are estimated for some dominant oscillation period between 12 min and 35 min, by fitting a linear function to the points with maximum amplitude fluctuation of time-distance maps. Also, the damping length (L d ) of oscillation are calculated by fitting an exponentially decreasing function to the filtered fluctuation part of intensity profiles (see Fig. 5 ). Other physical parameters, such as damping time (τ d = L d /C s.av ) and damping quality (τ d /P), are calculated by using the speeds and damping lengths. The some results of analysis in the 171Å and 193Å passbands are listed in Table 1 for different loop segments. These observed results show that:
• The average values of projected speeds for dominant oscillation periods of six different loop segments are in the range of 38 − 79 km s −1 .
• The average values of damping lengths and damping times are in the range of 23 − 68 Mm and 7 − 21 min, respectively. Also, its values are sensitive to the oscillation period and increase with increasing T 0 and P.
• The magnitude value of damping qualities are obtained in the range of < 1 for filtered intensity which correspond to strong damping regime.
Also, to compare observed results with the theoretical MHD prediction, the estimated physical parameters of the slow wave that has concentrated on the effects of thermal conduction, compressive viscosity and optically thin radiation is investigated. The damping lengths of filtered intensities as function of electron number density based on the theoretical MHD prediction are shown in Fig. 7 for different values of temperature (T 0 = 0.1, 0.5, 1.5 and 2 MK). The magnitudes of estimated damping lengths and other physical parameters in the acceptable range (2π/(C s k r ) ≃ 5, 10, ..., 35, and 40 min) are listed in Table 2 . These results show that:
• In the presence of three dissipation mechanisms together damping lengths and damping times increase with increasing temperature and oscillation period but damping qualities decrease with increasing temperature (see Table 2 ) • The plots of damping length as function of electron number density have a maximum in acceptable range (see Fig. 7 ).
• The damping lengths and their maximum value increase with increasing T 0 and P. Also, the maximum point of plots shift toward bigger electron number density.
• The dependence on periodicity and value of damping length strongly depend on the temperature and the electron number density. These theoretical results reveal that treatment of estimated damping due to the presence of all three dissipation mechanisms is complex and its value depends not only on the oscillation period but also on the electron number density and temperature.
The magnitudes of observed damping times and damping qualities are independent of the LOS. comparing the observed damping times and dependence of damping times on their periods with the theoretically predicted values, it can be seen at low periods (P < 15 min), the damping times and the dependence of damping times on their periods of propagating slow magneto-acoustic waves in the gravitationally stratified loops that are situated above active regions may be explained by considering three dissipation mechanisms in an especial range of electron number density (n e ≃ 10 7 − 10 12 cm −3 ) but at high periods the other dissipation mechanism must be considered. Also, It can be concluded that the behavior of propagating slow magneto-acoustic waves along the corona loops, in addition to the dispersion mechanism, can depend on the other quantities such as temperature, electron number density, and so on.
I thank the anonymous referee, Dr. Mike Marsh and Dr. H. Safari for the very helpful comments and suggestions. Fig. 7 Plot of the the estimated damping length L d,est in Mm (bottom), and 2π/(krCs) in min as a function of the dimensionless electron number density (log(ne/n0), n0 = 10 4 cm −3 ) (top) due to the presence of all three dissipation mechanisms for different temperatures T0 = 0.1, 0.5, 1, 1.5 and 2 MK and periods P = 5, 10, 15, 20, 25, 30, 35 and 40 min in the acceptable range. The acceptable range of damping length and number density are outlined with blue rectangle in the panels.
